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1. IxTRODUCTORY.

Hrrnerro zoologists have recognised in Annelida in general
and Oligochzeta in particular two types of nephridial system,
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namely—(1) the ordinary or meganephric kind, consisting of a
relativelr few large and separate nephridia, segmental in
arrangement, which open separately to the exterior, and (2)
the pl’ectouephric or diffuse variety, in which the nephridia
are numerous, of small size, and deseribed as being connected
with one another by a network of ducts possessing many
openings on the surface of the skin.! The meganephric type
is fonud in all Polychates (a few with protonephridia in the
adult but the majority possessing nephridia with nephro-
stomes opening internally into the ccelom), in all Echiuroids
(with nephridial funnels opening into the ccelom internally),
in most Hirudinea (always with nephridia closed at their
internal ends, the funnels, where they occur, never opening
into the nephridial canals), and in many Oligochates (always
with open nephrostomes). The plectonephric type, on the
other hand, has been described only among Annelids in certain
Oligocheates and Hirndinea (e.g. Pontobdella), and we must
conclude from the descriptions available that n essential
featnres it resembles the type of excretory system found in
many Platyhehmninthes (e. g. Trematodes), the sole difference
being that in the latter group discrete nephridia are not
present (the funnels only being represented by flame-cells),
and the system of ducts rarely has more than one or two
separate openings to the exterior. In both types of nephridial
system, however, meganephric and plectonephrie, the outer
ends of the nephridia have, with but few exceptions, always
been described as opening to the exterior vii the skin.

While undertaking the accurate anatomical description of
one of the commonest Indian earthworms, Pheretima
posthuma (L. Vaillant), supposed to. possess a typical
plectonephric type of nephridial system, I ascertained that no
existing description applied to the condition of things found
in this species; in fact, assuming existing deseriptions of the
plectoneplivic nephridial system to be correct, the only course
to adopt is to consider the nephridial system of Pleretima
posthunma and other species as a distinct third type of

I Cf. Sedgwick’s * Text-book of Zoology, vol. i, pp. $93-502,
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nephridial system which is here described for the first time.
Since the essential feature of this third type is that, apart
from the microscopic integumentary nephridia which open
throngh the skin, all the numerons septal and pharyngeal
nephridia are connected with a system of ducts, which open,
not on the surface of the skin, but into the intestine and
other regions of the gut (buccal cavity and pharynx), I
propose to distingnish this type of nephridial system by the
term “ enteronephric ”’ snggested to me by Dr. Woodland.

Before proceeding to describe this “ enteronephric ” type of
nephridial system, I will provide a brief historical summary
of previous descriptions of the plectonephric type so far as
these are known to me from the very himited library resonrces
available in the United Provinces.

I may add here that I am deeply indebted to Dr. W, N. F.’
Woodland, Professor of Zoology at the Muir Central College,
Allahabad, for the keen interest he has all along taken in my
work. He has made valuable suggestions, and also found
time to read throngh and correct the manuscript of this paper.
My grateful acknowledgments are also due to my professor
Lt.-Col. J. Stephenson, D.Sc., Principal, Lahore Government
College, for acquainting me with the literature on the subject
and sending me nicely preserved specimens of different
species of earthworms, and also for his constaut encourage-
nient given to me. .

Both Dr. Woodland and Col. Stephenson have examined
my slides and other preparations and have confirmed all my
more important statements. I have their permission to
mention this fact.

2. HisTORICAL.

The earliest statement concerning a nephridial system of a
kind different from the ordinary meganephric was made by
Perrier, references to whose work and that of other previous
writers are given by Beddard (3, 1895), from whose account
I quote. It is noteworthy that Perrier described his new
tvpe of nephridial system in Pheretima posthuma, the
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species I have investigated in the present paper. Perrier
states that the nephridia in this earthworm—“sont ici trés
rudimentaires, ce qui concorde avec l’absence d’orifice
extérieur attribuable & ces organes.” DBeddard (2, 1888),
however, found a large nnmber of external excretory pores
(nephridiopores)in Perichata (Pheretima) aspergillum,
and remarked that the nephridia formed numerous tufts of
glandular tubules closely connected with the body-wall and
the septa. Moreover, he did not regard the nephridia as
rudimentary as Perrier did, but believed that they were in a
very archaic condition. He emphasised two points in con-
nection with these nephridia of Pericheeta, which are,
““firstly, that there is a connection between the nephridia of
successive segments, and secondly, that the nephridial system
of Perichata consists of a network of tubules, the connection
between the nephridial tufts of successive segments being
brought about by numerous tubules which perforate the
intersegmental septum.”  Beddard figures this network of
tubules on the inside of the body-wall of Perichata asper-
gillum (reproduced by Sedgwick, 13, vol. 1, p. 501). He also
states In his paper that there is a very much greater number
of nephridial pores in the anterior segments as compared with
the posterior—a feature we shall refer to when considering
the integumentary nephridia (vide infra). We may also
note here in passing that it is fairly easy to sce the external
excretory pores in Pheretima posthuma by stripping off a
portion of cuticle and examiming it under the microscope, and
that Perrier was certainly mistaken in recording an absence
of nephridiopores in this earthworm.

Pervier’s statement with regard to the position and dis-
tribution of nephridiain Perichata robusta, which applies,
according to my observations, equally well to Perichwxta
posthuma, is as follows: “ Les organes segmentaires sous
forme de tubes extrémement délicates, sont adhérents aux
cloisons, oun dissémindes sur la membranc péritonéale que
tapisse la cavité générale.”” In Pheretima posthuma
also we can similarly recognise septal and integumentary
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nephridia according as they are attached to the intersegmental
septa. or are adherent to the peritoneal membrane lining
the inside of the body-wall; further, the two kinds differ
considerably in size though alike in structure. This distinction
between the integumentary and the septal nephridia does not
seem to have been recognised by the earlier observers.

Just as Beddard (2, 1888), described the nephridial system
of P. aspergillum as consisting of a network of tubules,
similarly Perrier, also in giving a résumé of the anatomy
of the group, regarded the nephridial system as forming a
“réseau glandulaire,” which appeared to him to be an
indication of an incomplete suppression of these organs.
Beddard (1, 1885), described eight neplhridial tufts in each
segment of Octoch®tus multiporus, and also later on
recorded a very large number of orifices on the skin connected
with these tufts. Benham found a large number of small
and separate nephridia in a species of Perichwta, and Spencer
(14, 1888), described in Megascolides australis “a net-
work of small tubes with many external pores.” This type of
excretory system formed of small tubes was called “plecto-
nephric” (plecto, I weave) by Benham, and Beddard described
it as “diffuse.” The essential idea associated with these
terms was that of a network, and Beddard (3, 1895), speaking
of this diffuse type of excretory system, says: “The delicate
ramifying tubules especially attached to the septa can lmrdly
be missed, at any rate in well-preserved specimens ;
in the Perichatidae the net\x01k is more diffuse and not
broken into separate masses.” At another place, writing of
the “integumental nephridial network ” of the Kudrilide,
Beddard states thal these tubes do not seem to be cowm-
parable to the “ccelomic network ” of Perichmsta, etc. He
thus differentiates between an ““integumental network,” which
is formed in the substance of the body-wall, and which he
figures for Libyodrilus in his monograph (3, 1895), and
a ‘“ccelomic network,” which is found on the peritoneal
membrane lining the iuside of the body-wall, and which is
figured for Perichata (after Beddard) by Sedgwick in his
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text-book (18, 1898, p. 501). We may also mention here that
the “integumental network ” occurs in forms (Eudrilidee)
with paired meganephridia, while the term “ccelomic network
i1s a synonym for the  plectonephric”
system,

The earlier observers, therefore, considered the nephridia
in question as forming a sort of diffuse network which
opened to the exterior by many excretory pores on the skin,
and communicated with the body-cavity by means of funnels
which were present in some tubules while absent m others.
Although Benham found in a species of Perichata a large
number of small and sepavate nephridia, still the current
idea of a “metwork’ was essentially associated with these
so-called “ diffuse”” nephridia.

More recently, however, Beddard seems to have abandoned
the terms ¢ diffuse” and ¢ plectonephric,” since writing as
recently as 1910 (4), he describes these nephridia as a ¢ mass
of tubules which cover the inside of the body-wall and open
to the exterior by innumerable openings,” and he expresses
a doubt concerning their snpposed reticular connections in
the following words: “1It is at present uncertain whether
these minute tubes are connected among themselves, thus
forming a network passing through the septum, or whether
each tube is isolated among its fellows, and forms a distinct
nephridium, of which there are many in each segment, and
entirely separate.’” He does not even mention here the
terms ¢ diffuse”” or ““ plectonephric.” Later still, in 1912 (5),
Beddard uses the terms “micronephridia” and ¢ mega-
nephridia” when describing the two kiuds of nephridia in
earthworms, aud not ¢

type of nephridial

“meganephric ” and “plectonephrie,”
and it would appear from his acconnt that he regards the
nephridia as discrete structures qnite distinet from one
another.

From a developmental point of view these nephridia were
not umversally believed to be “plectonephric.” The origin
of the micronephridia was first elneidated by Vejdovsky (vide
Thomson, 17, 1892) in Megascolides anstralis: according
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to him there is at first one simple ““anlage” on each side in
each segment which breaks up into separate loops, each loop
becoming a separate micronephridinm, without funnel (the
original single funnel degenerates), and opening to the
exterior. Bourne (7, 1894), found a simnilar development for
Mahbenus imperatrix, and both Bonrne and Vejdovsky
are at one in denying any secondary communication between
the separate nephridia. Meisenheimer (8), in 1910, denied
the existence of a network altogether. He says: “ Auffassung
emes plectonephrischen oder diffusen Typus von \'ephridien

wie er aber wohl hier bei den Regenwurmern in
“ irklichkeit nicht besteht.”

For comparison with the foregoing descriptions of the
nephridia of Perichata and allied types, I will here briefly
summarise the results of my own observations on Pheretima
posthuma. In the first place, these observations of mine
have clearly disproved the idea of a reticulate system of ducts
connecting nephridia of successive segments with each other ;
in other words, in the species I have examined the type
of nephridial system is not plectonephric, thongh we may
certainly retain the term ‘“micronephric.” In the second
place, we can distingunish equally clearly three tvpes of
uephridia according to their size, arrangement, and place of
opening of their ducts. These three kinds may be called
(1) the septa], (2) the ph"ll)]lf"e'll and (3) the 1ute0'umeutf11§
Describing the integumentary first, we may briefly note that
they are very minute structures, each of them quite separate
and discrete, as was recognised by Benham. It is these only
that open to the exterior via the skin. 'The septal nephridia
are two to three times the size of the integumentary nephridia
thongh similar in structure, and never open on the skin.
They are also separate from one another, and are connected
with a system of ducts which nltimately open medio-dorsally
mto the hypoblastic portion of the gut in a segmental manuer.
Lastly, the pharyngeal nephridia occur in bushy tnfts around
the esophagus in three successive segments (fourth, fifth and
sixth). Each tuft has a pair of ducts of its own, and these
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three pairs of ducts open into the buccal cavity and pharynx
in the second and fonrth segments. \

Although it has long been recognised that in some Oligo-
chztes certain nephridia do open into the alimentary canal,
yet they have always been observed to open either into its
anterior or stomodzal portion or into its posterior or procto-
deal portion, and never into its intermediate or hypoblastic
region. The former kind, i.e. those opening into the front
end of the alimentary canal, have been called * pepto-
nephridia” by Benham, and are known to ocenr in Enchy-
treeidee, Acanthodrilidee, Eudrilidee, Cryptodrilidee, and
Geoscolecidee. These are supposed to possess some peptic
function, and hence the name. The pharyngeal nephridia of
Pheretima posthuma may possibly belong to this category.
The latter kind, i. e. those opening into the rectal end of the
digestive canal, have been termed “ anal” nephridia, and have
so far only been found by Beddard in Octochwetus multi-
porus and by Rosa (vide Spencer, 14, 1906) in Allolobo-
plhora antipa. But the septal nephhidia of Pheretima are
peculiar in the fact already stated, viz. that their ducts open
medio-dorsally into the lumen of the hypodermal gut very
nearly throughont its entire length in a regnlar segmental
manner. Beddard (3, 1395), writing about the peptonephridia
and anal nephridia, says that they never communicate with
that section of the alimentary canal which is nndonbtedly of
hypoblastic origin. As my description in the following pages
will prove, this assertion does not apply to the septal nephridia
of Pheretima.

TEXT-FI1G. 1.

The general plan of the nephridial system in Pheretima posthuma.
S..V., septal nephridia ; I.V..integnmentary nephridia ; P.N.,, P.N.,
P.N.,. the pharyngeal nephridia of the fourth, fifth, and sixth
segments ; FLIN., *forests of integumentary nephridia ; Pd.,, Pd.,,
Pd.,, dncts of the pharyngeal nephridial nephridia of the fourth,
fifth, and sixth segments; R.4.. R.P., right anterior and right
posterior series of septal nephridia; L.P.. L.4., left posterior and
left anterior series of septal nephridia; B.G., blood-glands; Ph.,
pharynx; Giz., gizzard;: D.V.. dorsal vessel. x4,
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TEXT-FIG. 1.
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3. THE NEPHRIDIAL SYSTEM of PHERETIMA POSTHUMA.
(a) The General Plan of the System.

The nephridial system of Pheretima posthuma (Text-
fig. 1) consists of three sets of tubules, each with its own
system of ducts. (1) The first comprises the septal nephridia
(s.n.),1. e. those which are attached to both sides of each of
the intersegmental septa ; these are the most important and
the largest. They are regularly arranged on each septum
throughout the length of the worm behind the fifteenth seg-
ment. These nephridia do not open on the skin, but in each
segment discharge their excretory matter into a pair of septal
excretory canals (s.e.c., Pl 6, fig. 1) situated on each septum,
which in their turn empty themselves into a pair of supra-
intestinal excretory ducts (ste.d.,, Pl 6, fig. 1), which,
running longitudinally along the dorsal side of the intestine,
open medianly, at segmental intervals, into the intestinal
lamen (PL. §, figs. 3 and 9).

(2) The nephridia of the second set lie just external to
the cesophagus in the fourth, fifth and sixth segments, and n
virtue of the place of opening of their ducts are called the
pharyngeal nephridia (P.N.,, P.N., P.N; Text-fig. 1).
They occur as paired tufts lying at the sides of the cesophagus
in each of the three segments named, and are closely inter-
mingled with follicles of “blood-glands” which are also
situated in these segments. The little ductules of individual
nephridia in these bunches unite together at intervals, and
ultimately form a pair of long, narrow muscular ducts (Pd.,,
Pd.,, Pd.;, Text-fig. 1) in each of these three segments,
These three pairs of ducts run forwards ventro-laterally to
the eesophagus and pharyux, and open into the buceal cavity
and pharynx in the second and fourth segments.

(3) The nephridia of the third set, which are very much
smaller in size than the septal nephridia and are adherent to
and scattered over the inner surface of the body-wall
(ccelomic epithelinm), are described as ¢ integumentary ”
nephridia (i.n., Text-fig. 1). They are present in all the
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segments of the worm excepi the first two, and they co-exist
with the septal nephridia behind the first fifteen segments.
Each of these nephridia opens separately to the exterior on
the body-wall throngh a nephridiopore (PI. 7, fig. 7).

(b) The Septal Nephridia.

(1) Position and Distribution.—The septal nephridia
are attached, as their name implies, to the intersegmental
septa near their outer margins close to the place where the
septa join the body-wall. The septa of the first fifteen seg-
ments do not bear any nephridia, the first septum having
nephridia attached to it being the septum 15/16. Behind
this all the septa bear nephridia, althongh as we approach the
posterior end of the worm the number of nephridia on each
“septum decreases. Each septum has nephridia attached to
it on both its anterior and posterior surfaces. In a freshly-
killed worm the septa present to the naked eye a shaggy
appearance, and one can easily see with a hand-lens white
fluffy masses attached to the septa, which are the septal
nephridia. If, in a well-preserved specimen, a septum be cut
off as closely as possible to the body-wall, the nephridia are
also detached, since, as_already stated, they are adherent to
the septum. They can then be examined, along with the
septum, under the microscope. On being examined under
these conditions the nephridia are found to be attached to
each septum in four linear series, two series being attached
to the right half and the other two to the left half of each
septum. The two series on each half of a septum consist of
one series attached to the anterior surface of the septum and
the other series to the posterior surface, i.e. an anterior and
a posterior series. Fach septum will therefore bear four
series of nephridia (Text-fig. 1). (1) Right anterior (R.d.),
(2) right posterior (R.P.), (3) left anterior (L.4.), and (4) left
posterior (L.L.). As we shall see later on, the anterior and
posterior series of nephridia of each half of a septum, right or
left, are comnected with a common dnct, and therefore, on
morphological grounds, we group together the anterior and
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posterior series of nephridia of the right side as forming a
distinct set separate from the similar series of the left side,
which form another distinct set. The nephridia extend round
the periphery of each septum from near the mid-ventral line
of the worm almost to its mid-dorsal line.

(2) Attachment.—The line of attachment of the neph-
ridia on each septum lies just external and parallel to the
dorso-lateral vessel (the so-called “septal loop”). This
blood-vessel, which plays a great part in the blood-supply of
these nephridia, runs along the posterior face of each septum
very near and parallel to its outer edge, 1. e. the edge joining
the body-wall. Each series of nephridia on each side of the
septum, right or left, forms a single row with a line of attach-
ment almost parallel to the septal loop.

(3) Number.—The number of nephridia on each septum
varies within limits. On an average, there are 20 to 25
anteriorly and the same number posteriorly on each half of a
septum (right or left). Each septnm will thus have 40 to 50
nephridia on its anterior face and the same number on its
posterior face, so that in a single ccelomic compartment we
shall have 80 to 100 septal nephridia.

(4) Individuality.—Each nephridinm is a minute but
separate and discrete structure and there is no network of any
kind connecting one nephridium with the other. Beddard (8,
1895) is thus certainly mistaken when he speaks of the
excretory system of Pericheeta as a “ccelomic network”;
and also we cannot employ the terms ¢ diffuse” or ‘“ plecto-
nephric” in describing these nephridia.  The idea of a reti-
cular connection between these nephridia was probably due
in the first place to the excessive minnteness of these struc-
tures, and secondly, to the fact that Pheretima and other
tropical worms were nnobtainable in a fresh condition by the
European observers who described them. In the case of
minute structures like these nephridia reliable observations
cannot be made unless proper methods of fixation have been
eniployed, and this was probably not the case with the worms
examined by Beddard and others.
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TEXT-FIG. 2.
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A septal nephridium showing the course of the nephridial tube in it
(diagrammatic). The dotted line represents the outline of the
nephridium and the thick black line the nephridial tube. F,
funnel; F.N.T., the free first part of the nephridial tube; N.,
nephrostome; S.L.. the short, straight lobe; P.L., the proximal
limb, and D.L., the distal limb of the twisted loop; T.N.D., the
terminal nephridial duct going to the septal canal; S.7.L., the
spirally twisted loop. X 276.
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(3) Outline Structure and Topography of a Ne-
phridinm.—Each nephridium (Text-fig. 2) cousists of (i) a
funnel (F.) followed by a short narrow tube (F.N.T'), which is
bent on itself before joining the body of the nephridium, (ii)
the main body of the nephridinm consisting of a short straight
lobe (S.L.) and a long spirally twisted loop (S.T.L.). The
straight lobe is rounded at its free end, and is continued atits
other into one of the limbs of the long twisted loop, which is
more than twice the length of the straight lobe, and (iii) a
“terminal nephridial dact (17.N.D.), which is a continuation of
the other limb of the twisted loop and leads from the nephri-
dinm to the septal excretory canal.

Unlike the case in Lumbricus and Megascolides, the
whole nephridium in Pheretima posthuma lies within the
bounds of a single segment; m other words, it does not extend
over two segments as in Lumbricus, and we do not dis-
tinguish here, therefore, a pre-septal portion of the nephridium
from the post-septal portion. Beddard (8, 1895) says—“The
nephridia are always much-coiled tubes, and they always
occupy two segments, and two segments only. The internal
aperture, the funnel, lies a segment in front of that which
bears the external pore.” He seems to regard the fact of a
nephridinm extending. over two segments as an essential
featnre in the disposition of the nephridia of eathworms, and
it is therefore a novel fact that in Pheretima a nephridinm,
including its funnel and all other parts, lies wholly within the
boundaries of a single segment. Another feature already
stated, and which we shall return to later in detail, is that
the septal nephridia do not open directly to the exterior
as they do i Lumbricus. They opeﬁ, as already
described, into the septal excretory canal, and that is why
we have not got in Pheretima a series of nephridio-
pores arranged segmentally on the Lody-wall as we have in
Lumbricus.

In brief, the whole nephridinm, inclnding its funnel, hangs
freely in the coelomic cavity, and is solely attached to the
septum near its onter edge by means of the terminal nephridial
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duct, which runs along the septum obliquely to join the septal
excretory canal (Pl. 6, fig. 1).

(6) The Minute Structure of a Single Nephridinm.
—Leaving aside the funnel, the first part of the nephridial
tube and the terminal nephridial duct, the remaining part of
each nephridium consists of a tnbe coiled into several loops
closely bound together by membrane richly supplied with
blood-vessels. The detailed account of the structnre of the
three parts of a nephridium is given below.

(1) The fuunel (PL 7, figs. 3, 4 and 5). HKach nephridiam
commences with a minute bulb-like swelling, the funnel,
which has a transversely oval opening, the nephrostome (N.),
on its ventral side. The funnel when looked at under the
high power of the microscope appears slightly reniform in
shape rather than rounded, and measures 28 j in its shorter
and 39 p in its longer diameter, while it is about 15 y in
thickness dorso-ventrally.

The funnel 1s a two-lipped (bilabiate) structure with its
npper lip of the shape of a hood; this lip is very large and
prominent in comparison with the lower lip, which is very
small and simple. The body of the upper lip is formed of a
single large semicircular cell known as the central cell
bounded by a number of marginal cells. The central cell
occnpies the centre and lower half of the npper lip, and has a
large and prominent rounded nuclens in its centre. The outer
margin of the central cell is beset with eight or nine marginal
cells each with a rounded nucleus in it. All the marginal
cells are equal in size, and are set in an incomplete circle
round the terminal apertnre of the funuel, i.e. the nephro-
stome, forming the margin of the upper lip. The marginal
cells are profusely ciliated over the whole of their centrally
directed face ; the cilia are pretty long and closely set, and
in whole preparations are seen to surround the top of the
founel like a halo, while in sections (Pl 7, fig. 4) they
preseut a characteristic bushy appearance.

The lower lip, which 1s not so thick as the upper, has a
shghtly convex border, and is made nup of fonr or five cells,

voL. 64, parr 1.—NEW SERIES, 6
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each with a deeply-staining, small elliptical nucleus. These
“cells” form a compact structure, and no boundaries can be
seen separating them from one another, their number being
inferred from the number of nuclei. The lower lip also, like the
upper, bears cilia. The actual terminal opening between the
two lips, viz. the nephrostome, is, as already stated, trans-
versely oval, and measures about 15 u from side to side and
about 9u dorso-ventrally. A number of ccelomic epithelial
cells invest the funuel here and there.

In order to ascertain the distribution of cilia in the funnel,
the latter should be examined in the fresh state when the
cilia are active. If nephridia from a freshly-killed worm are
examined in salt solution (*75 per cent.), the cilia are most
evident in funnels which are either seen in profile or have
their ventral sides uppermost. 'The cilia are arranged along
eight or nine lines which radiate from the nephrostome or
moutlh of the funnel to the periphery, each hine of cilia
corresponding to one marginal cell. All the cilia of each line
beat simultaneously towards the mouth of the funnel but
alternate in movement with the cilia of the neighbouring
lines. All the cilia are of the same length, and of course
serve to drive the excretory matter of the ccelom into the
nephrostome.

The fonnel of the nephridinm of Pheretima posthuma
is much simpler in structure than that of Lumbricus. It
is much smaller in size in accordance with the very small size
of the nephridinm as a whole. The central cell resembles
that of the funnel of Lnmbricns, but the number of marginal
cells is very small, while there are no gutter-cells, so far as
T can make out. Curiously enough 1 have never seen the
““débris’’ of ecelomic corpuscles on the funnel of Phere-
tima, which fact is remarkable, since this débris is deseribed
by Benham as bemmg a coustant feature 1n the fonnel of
Lumbricus.

The funnel of P. posthuma also differs from that of
Perichata wmalamaniensis, described by Benhamn (6,
1891) ; in the latter there is no central cell, and the ciliated
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marginal cells form a complete circle round the telmmal
aperture of the fnnnel.

(i) The Main Body of the Nephridium. Asalready
stated, the body of a nephridinm comprises a short, straight
lohé and a long spirally twisted loop (Text-fig. 2). The
strairht lobe is, ou an average, about 225, in length and
45 jo in thickness, while the twisted loop is 430 p in length,
i.e. more than twice the length of the straight lobe. The
straight lobe 15 free aud rounded at itz one end, while at its
other 1t is continued into one of the hmbs (distal) of the
twisted loop. The latter consists of two limbs, a proximal
and a distal, spirally twisted abont each other, the number of
spiral twists in the loop varving from nine to thirteen (Text-
fie. 2).

The funnel, together with the first part of the nephridial
tube which immediately follows the funnel, i~ generally
sitnated towards the side of the straight lobe away from the
twisted loop. This commenecing part of the nephridial tube
is free for a short distance, but socon bends, to become
incorporated into that limb of the twisted loop whieh I have
called the proximal (P.L., Text-fig. 2), to distingnish it from
the other or distal hnmb 1 D.L), which 1s continnons wirh the
short, straight lobe.

The nephridial tube, having entered the proximal lmb of
the twisted loop at its base, continnes in that hmb right np
to the top of the loop, where it curves rownd, and then follows
its conrse into the distal imb.  On reaching the base of the
distal limb the tube runs into the straight lobe, in which it
goes to the top of the lobe, loops 1):101\\&'(11(15 and then, passing
throngh the base of the lobe, enters into the distal hmb again.
Here 1t runs parallel to its first course thongh in the reverse
direction, and on reachiug the top of the loop it bends round
and rons backwards in the proximal hmb until it has reached
its base just abont the point (X, PL 7, fig. 2), where the
nephridial tube first enters the body of the nephridinm. Irom
this place (X, 1. 7, fig. 2), in the base of the proximal limb
the tnbe crosses over Lo the base of the straight lobe and there
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makes another loop similar and parallel to the first, after which
the tube runs into the distal imb once again, i. e. a third time.
This time it does not go right up to the top of the limb, but
having gone only half the length of the limb, loops back to
enter the proxmmal limb also a third time, and then rvuns
towards the base of the nephridium, and is continued outside
the body of the nephridium as the terminal nephridial duct.

The exact course of the tube in the nephridium can easily
be followed by reference to the accompanying diagrams
(Text-fig. 2 and Pl. 7, fig. 2).  We may note, however, that
there ave, in all, three parallel tubes in each of the two limbs
of the twisted loop in their lower halves, while there are only
two in each in their upper halves: consequently the top
halves of the two limbs are thinner than the basal halves,
and the straight lobe has two loops of tubes, i.e. four
tubes running parallel in it. Of these two loops one 1z the
outer or the first loop and the other the inner or the second ;
the inner (i.0.) lies towards the side of the lobe neaver the
twisted loop, while the outer (v.l.) loop of the tube lies away
from the twisted loop. We may also observe that the
terminal part of the nephridial tube leaves the body of the
nephridinm just abount the same place where the first part of
the tube enters 1it.  Moreover, the lmmen of the tube is intra-
cellular all along, the tube being composed thronghout of
hollow cells joined end to end like so many drain-pipes.

(i) The Terminal Nephridial Duct (Text-fig. 2,
T.N.D.). Theterminal nephridial duct 1s a continuation of the
proximal limbh of the twisted loop ruumiug towards the sep-
tum. Soon after leaving the nephridium it becomes attached
to the septnm near its outer margin just external to the
dorso-lateral vessel. I'rom thix place of attachment ou the
septum the terminal nephridial duct vuns inwards and
upwards along the septum, following an oblique course
(PL. 6, fig. 1). During its conrse along the septum it crosses
over the wall of the dorso-lateral vessel and then enters the
sepcal excretory canal (vide infra). As the dorso-
lateral vessel and the septal excretory canal lie on the
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posterior face of each septum, the nephridial ducts of the
posterior nephridia join the septal canal without having to
pierce the septum, while the ducts of the anterior nephridia
generally pierce the septum and come over to the posterior
surface before crossing the dorso-lateral vessel. The crossing
of the dorso-lateral vessel (dl.v., Pl. 7, figs. 6 and 7), there-
fore, almost always takes place on its posterior wall, but I
have also come across in sections a certain nmmber of cases
where the nephridial ducts of the anterior nephridia cross
the dorso-lateral vessel along its anterior wall and then pierce
the septum to join the septal excretory canal. Thus we meet
with two conditions : either the septum is pierced through
before the dorso-lateral vessel is crossed over along its
posterior wall, or it is pierced after the vessel has been crossed
over along its anterior wall ; of these the former is the rule,
while the latter is only an exception.

The nephridial ducts from their point of attachment to the
septum to the point where they enter the septal excretory
canal are 412 p to 825 g in length ; they become longer as we
2o to the dorsal side of the animal.

(7) The Ciliation of the Nephridinm.—As regards
the cilia lining the nephrdial tube (P1. 7, fig. 2), we have to
note that they are not distributed uniformly all along its
length, but are confined to certain definite regions. I can
confidently state that there are at least four ciliated tracts
along the course of the nephridial tube. The first tract
extends from the funnel to the point where the first free part
of the nephridial tube enters the base of the proximal limb of
the twisted loop (a to ¢ 11 Pl 7, fig. 2). Both the second
and third ciliated tracts lie in the short straight lobe. As
already stated, there are four parallel tubes in this lobe,
which go to form the two parallel loops, the outer and the
imner (o.l. and ¢.l.). There is a ciliated tract in each of the
two loops. The second ciliated tract lies in the outer loop,
and extends from the apex of this loop to more than half the
length of the inner tube of the loop between the lctters bb’ ;
the cilia in this tract are directed towards the base of the
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straight lobe and so work in that direction. The third tract
of cilia occurs in the inner loop in its proximal limb along the
entire length of the latter between the letters e¢’.  This part
of the tube is always brownish and sewmi-opaque, being full of
excretory products; indeed, it 1s somerimes almost blackish
in appearance. We might call the brownish portion the
“brown ciliated tube,” and note that the cilia in this region
work upwards towards the apex of the straight lobe. The
fourth ciliated tract lies in the terminal part of the nephridial
tube, from the point where it leaves the nephridinm to the
point where it becomes attached to the septum, between the
letters d and d’ (Pl. 7, fig. 2).

In each ciliated tract the cilia are disposed in a double row,
and they move in such a manuer as to produce along the axis
of the tube a wavy movement closely resembling the flickering
of the flagellum or ‘flame ” in a proto-nephridium. (Pl. 7,
fig. 2, gives a good idea of both the distribution of the cilia
and the flickering movement produced by their action.)

(8) Comparison of the Nephridium of Phere-
tima with that of Lumbricus.—A comparison between
the nephridia of Lumbricus and Pheretima reveals the
interesting fact that the latter can be derived from the former
by removing its musenlar loop and spirally twisting the two
limbs of the second loop and then lengthening them out.
The accompanying series of diagrams serves to illustrate how
the nephridium of Pheretima can be derived from that of
Lumbricus.

TEXT-FIG. 3.

A series of fonr diugrums showing how the nephridinm of Pheretima
can be derived from the nephridinm of Lumbricus. 4 is a
diagram of the nephridinm of Lumbricns showing the * first ©
and the *second” loops and the * muscular loop.” In B the
muscular loop is omitted, but the rest is the same as 4. In C
the two limbs of the second loop are twisted about each other,
forming fonr twists. In D the twisted loop is lengthened out and
the resultant is a diagram of a septal nephridium of Pheretima.
Ly, the first loop: L,. the second loop; I, the muscular loop; S.7.L.,
the spirally twisted loop corresponding to the second loop of
Lumbricus; S.L.. straight lobe corresponding to the first loop in
A, Band C.
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(¢) The Ducts and Openings of the Septal
Nephridia.

(1) The Septal Excretory Canal (s.c.c., PL 6, fig. 1).—
The septal canal is a prominent channel running along
the posterior face of each septum mnear its outer border,
and, as previously stated, lies internal and parallel to the
dorso-lateral vessel along its entire course. There is a pair
of these septal excretory canals on each septum—one on each
half, right and left. In preparations of the septa in which
the outer edge is not injured one can easily see a canal
beginning from the ventral side and running internal to and
alongside the dorso-lateral vessel ; it is generally narrower in
diameter than the blood-vessel and has the appearance of
being empty or containing a colourless fluid, while the blood-
vessel is colonred yellowish owing to the presence of blood ;
the one can thus be easily distingunished from the other.

The septal canal originates ventrally on each side, right
and left, by the union of a few (three or four) of the ducts of
nephridia lying in the ventral region. In complete prepara-
tions of septa it is easy to demonstrate the commencement of
this canal by the union of three or four branches, each of
which itself has been formed by the union of several nephridial
ducts. The place of commencement of this canal, or rather
the place where several branches meet to form this canal, is
situated a little higher or dorsal to the place where the dorso-
lateral vessel receives a septo-intestinal branch from the
intestine (si.v., PL 6, fig. 1). The septal excretory canal
after its formation runs dorsalwards, as already described,
alongside the septal loop, the space separating these two
being usually equal to about half the thickness of the septal
canal, but not uncommonly the walls of the two are in con-
tact. The septal canal receives the ducts of all the nephridia,
anterior and posterior, belonging to its own half of the
septumn, the nephridial ducts running a fairly long and
oblique course before reaching the septal canal, and even
after reaching it, many of them continue a short distance
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alongside it before actually entering.  As a rule, each neph-
ridial duct opens separately into the septal canal, but at
places one also comes across a nephridial duct emptying its
contents into another mnephridial duct instead of opening
independently into the septal canal. In serial sections (PI 7,
fig. 6) it is easy to follow a nephridial duct from the place where
it leaves the nephridinm and runs along the septum to cross
the dorso-lateral vessel anteriorly or posteriorly to the place
where it enters the septal canal.

On following both the dorso-lateral vessel and the septal
excretory canal towards the dorsal side, we find that about
the level of the dorsal wall of the gut, they (i.e. the septal
canal and the dorso-lateral vessel) begin to diverge from each
other; the dorso-lateral vessel bendsinwards to join the dorsal
vessel, and the septal excretory canal enters the supra-intestinal
excretory duct of its own side (P1. 6, fig. 1).

(2) The Supra-intestinal Excretory Ducts.—These
are a pair of longitudinal ducts situated in the mid-dorsal
line beneath the dorsal vessel and above the dorsal wall of
the gut. They are closely attached to the dorsal wall of the
gut, but can be separated by careful dissection. They are
always very prominent structures in sections (Pl. 8, figx, 8, 9),
and have all along been taken to be blood-vessels. Stephenson
(15, 1913) mistakes them for a continuation of the supra-
intestinal blood-vessel, and says: “The supra-intestinal vessel
extends back along the cesophagus and intestine beneath the
dorsal vessel, communicating with the hearts in the segments
xii and xiii and with the alimentary plexus throughont its
extent.” At another place he adds: “The snpra-intestinal
vessel . . . existsonly in certain of the anterior (cesophageal)
segments of the body in the Tubificidee; in Phervetima it
extends backwards along the intestine also.”  As a matter of
fact, the supra-intestinal vessel does not extend behind the
thirteenth segment, since it terminates in that segment by
joining the pair of hearts there. Inthe fourteenth and fifteenth
segments there is no blood-vessel nor any other tubnlar struc-
ture, while behind the fifteenth segment we get the snpra-
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intestinal excretory ducts occupying the same relative
position as that ocenpied by the supra-intestinal vessel in the
anterior region. These excretory ducts begin from the
septum 15/16 becanse this is the first septum which bears
the septal nephridia. I myself believed these ducts to
be blood-vessels for a long thue and recorded them as such in
my notes and drawimgs of the blood-system, and 1t was not
until my attention was definitely directed to them by the
discovery of their continnity with the septal canals that I
recognised their trne nature. It need hardly be said that
these snpra-intestinal ducts are never seen to contain blood,
either in dissections or in sections; and they thus offer a
striking contrast to the dorsal vessel,which is almost invariably
gorged with blood.

The snpra-intestinal ducts extend along the entire length
of the gut from behind the septum 15/16 to the posterior
end of the body of the worm. Anteriorly and posteriorly
they become narrow and single, while in the region of the
lutestine they are always large and paired and, therefore,
quite prominent structnres. Just a little behind each inter-
segmental septum these two longitundinal ducts commmnnicate
with each other for a very short distance (30 p), but otherwise
the two are entirely separate althongh they lie side by side.
Iu sections of a fair-sized worm, these channels in the region
of the intestine between two intersegmental septa were abont
115 e in diameter, while the diameter of the dorsal vessel at
that place was about 220 4.  As already mentioned, these
supra-intestinal excretory ducts receive a pair of septal
excretory canals in the region of each intersegmental septum,
so that the excretory fluid from the septal canals is discharged
at each intersegmentum into these paired channels, the longi-
tudinal extent of which exactly coineides with the longitudinal
distribution of the septal canals and the septal nephridia.

By what means do these supra-intestinal excretory ducts
commmnicate with the exterior for the discharge of their
contents ”
month, and all attempts at finding an external opening of

That was a problem which baflied me for many a
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these longitndinal ducts failed.  With this purpose in view
I especially examimed these ducts at their two ends, anterior
and posterior, but with no success, the ducts ending abruptly
in those two regions without showing any signs of opening to
the exterior. Next, since Beddard (3, 1895) has snggested
a possible connection between the nephridia and the dorsal
pores, I carefully examined my preparations to see 1if there
was any commuunication between the snpra-intestinal ducts
and the dorsal pores, but I counld find none.

Subsequently, however, while looking at a series of sections
of the earthworm in the region of the intestine, I noticed that
at one place one of the two supra-intestinal dncts communi-
cated with the lumen of the gut by a distinect openmg, and
thongh at the time I concluded that this communication must
be accidental in origin, yet it gave me the clue which nlti-
mately led to the correct solution of this problem. Later,
following up this clue, I prepared a complete series of sections
passing through seven segments of the worm’s intestine, and
in this series I found exactly seven communications between
one or other of the two supra-intestinal ducts and the lumen
of the intestine. 1t thus became certain that these longitu-
dinal excretory dncts did not open at all to the exterior but
into the lumen of the intestine, the openings heing arranged
segmentally. In my serial sections it can be seen that in
each septal region one of the two supra-intestinal excretory
duets, the right or the left, takes a dip into the dorsal wall of
the gut on one side of the typhlosole, that this dip deepens,
and that an actual communication is formed between the
supra-intestinal dunct and the lumen of the gut by means of a
very short and narrow ductule (Pl. 8, figs. 8, 9). This narrow
ductule 1s sitnated at the ronnded corner in the gut where the
base of the typhlosole passes into the gut epithelinm, or, in
other words, where the gut epithelium bends inwards to form
the typhlosolar projection into the gnt. The narrow ductule
has muscular walls when traversing the muscle layers of the
gut, but has a special lining of small epithelial cells where
it pierces the gut epithelinm. The ductule seems to be a
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laterally compressed structure, elliptical in cross-section rather
than circular, since in serial sections of the intestine the
ductule measnres certainly more than 6u in its longer
diameter, as traces of the ductule can he seen both in front
of and behind the single section which cuts completely
through this ductule and which (the section) itself is 6 u in
thickness ; while when we measure the width of the ductule
in this very single section it is about 42u. The ellipsoid
ductnle, therefore, measures more than 6 u in the longer
diameter and 42 g in the shorter diameter of its cross-section.

It is remarkable that these navrow ductules leading from
the supra-intestinal ducts to the lumen of the gut are, in
the first place, segmentally arranged, and in the second place,
are so narrow and minute that they can easily be mistaken
for cracks in the sections unless they are examined carefully.
Bat in a series of sections passing through five or six segments
one never fails to find these narrow ductnles in each septal
region. It is also interesting to note that if we remove the
supra-intestinal ducts from a part of the intestine and examine
them after snitable preparation, we are able to see an aperture
on one or other of the ducts at each septal plane. These
apertures, of course, mark the positions of the downwardly-
dipping ductules, which have of necessity been torn off in the
process of removal of the supra-intestinal ducts from the
intestine.

The supra-intestinal ducts do not both communicate with
the gnt in each intersegmental place, but it is always only one
of them—sowetimes the right and sometimes the left—which
does so. It might be thought that the right and the left
supra-intestinal duncts communicate with, the gut one behind
the other in a regnlarly alternate manner, but this is actually
not the case. In the series of sections passing through seven
intersegmental places the duncts opened into the gut antero-
posteriorly in the following order : Left, left, right, left, right,
right, right.  When either of them has communicated with
the lumen of the gut it then communicates with the other
supra-intestinal duet for a very short interval (30 y generally),
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and then the two separate again. At four places I observed
these communications; they extended over five sections at
each of these four places, each section being 6 . in thickness,
thus giving 30 g as the width of the communication between
the two longitudinal ducts. Since the two dunects communicate
with each other soon after one of them has communicated
with the gut, the order of opening of the duct of one side or
the other into the gut mentioned above is evidently of no
consequence.

We must therefore conclude that the excretory products in
solution are discharged into the lumen of the gut, whence
they are got rid of through the anus along with the faeces.

There are a few points with regard to the septal excretory
system (enteronephric) to which 1 should hke to draw
attention. The first is 1ts strictly segmental character.
It has always been recognised that in earth-worms like
Lumbricus the nephridia are segmental in arrangement,
and, as a matter of fact, the old name for these structures was
“segmental organs”—a terui which emphasised their segmental
distribution. Although this old name has been given up, still
the metameric disposition of the nephridia in Lumbricns
and other worms is clearly recognised ; bnt Beddard (3, 1895,)
writing of the nepliidial system of Perichweta (Phere-
tima) in particular and the plectonephric type_of nephridial
svstem in general, says, “'The segmentation so clearly visible
in most of the organs of the worm’s body has here been lost.”
This assertion, of conrse, was based on an imperfect knowledge
of the nephridia of Pheretima. We now know that the
nephridia of Pheretima are clearly segmental structures,
since they are serially repeated on each septum behind the
fifteenth segment; similarly are the septal camals strietly
segmental, as we have a pair of them oun cach septum.
Lastly, the openings of the pair of supra-intestinal dnets ave
also segmental, since we get one opening into the intestine
m each intersegmental space.  The whole of the cutero-
nephric nephridial system is, therefore, arranged on a strictly
segmental plan.



94 KARM NARAYAN BAHL.

The multiple character and probable efficienecy
of these organs is another notable feature. Beddard (4, 1910)
speaks of the exceeding activity of Perich®ta as its dis-
tincetive feature. and adds: ¢ Dr. Baird, in a communication
to the Zoological Society, remarked upon the agile fashion
in which these tropical Annelids will spring off a table
when touched or any way interfered with. Gardeners have
recognised this character and given it the name of eel-worm.”
In an active worm of this kind 1t would be necessary to have
a very efficient excretory system. It has been suggested that
in a worm iu which the ccelomic flnid is constantly flowing
from one end of the body to the other and vice versa, in
correspondence with the great activity of the ammal, these
small nephridia in large numbers, about a hundred or so m
each segment, with an equal nnmber of funnels and nephro-
stomes which would ocenpy every nook and corner of the
segment, would be much more etlicient than a single large
nephridium with a single nephrostome. There can be no doubs
whatever that these nephridia are active excretory organs, and
that Perrier’s view regarding them as rudimentary is certainly
not tenable.

By far the most remarkable feature, however, of the septal
nephiridial syvstem is the absence of any direet communication
between the nephridia and the exterior, as we find in almost
all other earth-worms. In Pheretima, on the other hand,
we get instead a series of segmentally arranged communica-
tions between the nephridial system and the lumen of the
intestine. ‘I'hix is entirely a new feature in the morphology of
the excretory system of earth-worms, and has been recorded,
<o far ax I know, for the first time 1 this paper.

(1) The Pharyvugeal Nephridia and their Duects.

The pharyngeal nephridia, as already stated, cousist of
tufts of these organs =urrounding the wsophagus in Phere-
tima posthuma in the fonrth, fifth and sixth segments. In
the natural condition these tufts are hidden under the thick
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septa which separate the fourth, fifth, sixth and seventh
segments from one another,and which form a series of cones
one inside the other around the cesophagus in these seginents ;
one has, therefore, to remove these septa to a large extent in
order to display the pharyngeal nephridia.

(1) Literature.—The pharyngeal nephridia were first
described by Beddard in Octochetus. In this genus these
nephridia consist of a single pair of tufted organs Iying in
contact with the pharynx, each tuft possessing a duct which
rans forwards and opens into the buccal cavity. These tufted
organs were called “salivary glands” by Beddard, and Benham
gave them the name of “ peptonephridia ”—a term accepted
by Beddard. Spencer in 1885 (14) described in Megasco-
lides australis a large mass of minute tubules occupying
most of the space between the pharynx and the body-wall.
These tubules were said to be much-coiled structures identical
with ordinary nephridia ; further, the ducts of these nephridia-
like organs appeared to have joined together at intervals to
form a common dnct, one on each side, and these common
ducts opened into the pharynx, their openings having been
1dentified in sections.  Michaelson in 1913 (9) described a
pair of peptonephridia lving lateral to the cesophagus in
Periscolex, which were broadly swollen behind and ]nssed
in front into a long, narrow duct, Miss Raff (11, 1910) savs

“ A noticeable feature in the dissections of some of the species
snchh as Megascolex dorsalis, Megascolex fielderi
and Diporochxta tanjilensis, is the presence of a large
number of nephridial tubes attached ventrally in the region
of the pharynx. They are in the form of bunches, and have
generally been considered as ‘peptonephridia’ The latter
have been defined by Beddard as nephridia opening into the
anterior section of the alimentary canal and functioning in
relation to digestion. So far, however, as I have examined,
I have found them opening to the exterior,not into the canal;
I cannot therefore regard them as peptonephridia, but snnplv
as a specialised group of nephridia, the meaning of which 1y
not clear.”  Powell (10, 1911-12) referred to the pharyngeal
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nephridia in Pheretima posthuma, and described them as
occurring in the fifth and sixth segments. He seems to have
seen the ccelomic funnels of these nephridia, which answer
in this and in all other respects to the definition of a
nepliridinm morphologically.  He says nothing about the
course of the ducts and their openings, and is not certain
about the fnnction of these nephridia.

(2) Description of the Pharyngeal Nephridia in
Beginning from behind, we first

Pheretima posthunma.
come across these pharyngeal nephridia in the sixth segment
(PN,, Text-fig. 1). In a dissection from the dorsal side, after
removal of the septum 6/7, the pharyngeal nephridia are seen
astwo large and conspicnous masses of nephridial tnbules, one
lying on each side of the cesophagns, and resembling, nnder a
lens, a big tuft formed of a large number of strings. On careful
examination, after cutting across and reflecting back the part
of the cesophagus in the sixth segment, we find that these
tufts extend around the cesophagus to the mid-ventral line.
Dorsally they cover the greater part of the cesophagus, and
alzo tend to encroach npon the dorsal vessel, which is, however,
not covered by them. The paired tufts are thus disposed
in two semicircular curves round the cesophagus, each curve
extending from about the mid-dorsal to the mid-ventral line.
Posteriorly these nephridial masses are loosely attached to
the septum 6/7.

Intermingled with the nephridial tnfts of this segment are
found a large number of rounded cell-masses called the
“blood-glands.””  These rounded strnctures are not aggre-
gated into follicular spaces here as in the fifth segment (vide
infra), but are dispersed among the nephridial tufts. The
blood-glands as well as the nephridial tufts have a copious
blood-supply, each nephridial tnft receiving a branch from
the dorsal vessel, which divides and snbdivides to supply
blood to the individnal elements of these tnfts.

The ductules of the individnal nephridia join with one.
another at intervals and form ducts which unite with other
similar duets and so on, and vltimately form a pair of long
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thick-walled common duects, one from each nephridial tuft.
This pair of common ducts rnns forwards, and can easily be
seen on each side of the mid-ventral line about 2 to 3 mm.
apart in the anterior part of the sixth segment. After
traversing the sixth segment these ducts pierce the septa 56
and 4/5 in front and open finally into the buccal cavity abont
the middle of the second segment (I’d.;), qunite in frout of the
region of the pharyngeal mass and the supra-pharyngeal
ganglion. The openings of these dncts into the bnecal cavity
have been identified in sections and also verified by a minute
dissection of this region.

The nephridial tufts of the fifth segment (PN.;) are con-
siderable in size and agree n all essentials with those of the
sixth segment. Tn this section also we have a number of
blood-glands ; they are, however, not diffuse, but are aggre-
gated into two or more masses in the shape of follicles on
each side which resemble bunches of red grapes in the fresh
“condition. The nephridial tufts here also lie on each side of
the esophagus and extend both dorsally and ventrally; they
lic chiefly in the posterior half of this segment, but extend
forwards also to cover partially the blood-glands which ocenpy
the anterior half of this segment. It is also seen that some of
the nephridia actually penetrate into the blood-glands. Like
the nephridial masses of the sixth segment the nephridial
tufts here also are conuected with a pair of common duets, one
on each side, about 2'5 mm. apart. These ducts run forwards,
penetrate throngh the septum 4/5, and enter the pharynx in
the anterior part of the fourth segment, just a little in front
of the middle line of setw of this segment (1’d.,).

The third pair of nephridial tufts (PN.) lies in the
posterior part of the fourth segment attached to the anterior
surface of the septum 4/5. These tufts consist of compara-
tively fewer nephridia than there are in the fifth and sixth
segments. The pair of ducts from these tufts travels only
for a short distance forwards, and opens into the pharynx in
the posterior half of the fourth segment behind the middie
line of setee (Pd.)). '

voL. 64, PART |.—NEW SERIES, 7
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We have thus three pairs of nephridial tufts in the anterior
region, a pair in each of the fourth, fifth and sixth segments.
We have also three pairs of thick and muscnlar nephridial
ducts, a pair to each pair of tufts, which open into the buceal
cavity and the pharynx.

It will be seen that it is a matter of some difficulty to
define accurately where the three pairs of ducts from (he
pharyngeal nephridia open. In «a dissection of the first four
segments it is difficult to determine the exact bonndaries of
successive segments, since there are no septa in these segments,
the ecclomic cavity being continuous. I therefore made use
of serial sections of this region to determine acenrately the
places of opening of these ducts. In these sections also the
dorsal pores marking off one segment from another are absent,
and so I had to use the ring of setwe in the middle line of each
segment as my criterion for determining the bhoundaries of
suceessive segments.

As regards the structnre of cach pharyngeal nephridium,
we have to note that it is very similar to that of a septal
nephridium.  The pharyngeal nephridinm also counsists of a
short straicht lobe and a long spirally twisted loop, the
proximal Hmb of the latter being continned out as the
terminal nephridial duct.  But I have never been able to see
the “funnel” in these pharyngeal unephridia, m spite of
repeated attempts, and have come to believe that 1t is absent.
Powell (10, 1911-12), however, writing about these nephridial
nephridia of Pheretima posthuma, says: “ Under the
microscope and with the aid of sections each of these stringsis
scen to be a tubular structure opening into the coclom by a
slightly funuel-shaped aperture bearing a ciliated epithe-
linom.”  As T have already stated, I have not heen able to sec
the “shghtly fuunel-shaped apertures” of these nephridia,
and cannot therefore corroborate Powell’s statement. In the
short straight lobe the second and third ciliated tracts can
casily be made ont, and work in the same way and in the same
direction as a septal uephridium; bnt I have not been able to
make out the first and fourth ciliated tracts heve.  Whether
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these nephridia are excretory in fauction or have a peptic
funetion m eonnection with assimilation is still to my mind
problematical.

(e) The Integnmentary Nephridia.

The integmmentary nephridia (i.n., Text-fig. 1) are attached
m Pheretima to the inner surface of the integument, or, in
other words, to the somatic layer of the peritoneal Iiming of
the ceelomic cavity. They are absent in the fivst two segments
of the worm, but are present in all the suceeeding segments.
In each segment they extend all along the surface of the body-
wall from the mid-ventral to the mid-dorsal line and are not
arranged 1 any definite orvder, but are scattered promisen-
ously. It is seen, however, that they are more abundant mid-
way in each segment on both sides of the line of sctac and are
more sparse at the two ends of each segment,i.e. near the
septa. They are best seen in specimens which have been
ficed in acetic bichromate solution after they have been
opened by a mid-dorsal incision and the flaps of skin pinned
down. )

The nephridia are extremely wminnte structures, hardly
visible to the naked eye. They are attached to the body-wall
only by means of their terminal dnets,i.e. in the same way
as the septal nephridia are attached to the septa. 'The lobes
and loops of these nephridia project out into the ceelomic
cavity from the inner surface of the body-wall as V-shaped
structures, the two limbs of the V being unequal in size and
representing the straight lobe and the twisted loop of the
septal nephnidia (P, 7, fig. 7).

The number of these nephridia seems to vary in different
segments.  In those segments which possess septal nephridia
the number of these integnmentary nephridia is not very
large; on counting [ founnd about 250 nephridia in  the
thirticth and abont 200 in the thirty-ninth segment.  But in
the segments 14, 15 and 16, where the septal nephridia do
not exist or only begin, and which are also incidentally the
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clitellar segments, there is, so to speak, a “forest 7 of these
integnmentary nephridia, these being so nunmerons and so
closely set as to canse the inner surface of the body-wall in these
segments to look, under a lens, as if it were covered with
dense fur (FLIN,, Text-fig. 1). They are more than ten times
as nomerons on these three segments as on the preceding
or succeeding segments; [ was able to count as many as 220
on a piece of skin 2 mm. square from the fonrteenth segment.

Like the septal nephridia, these mmtegnmentary nephridia
also are separate from each other; each mnephridinm is a
discrete structure and opens separately by its dnct to the
exterior on the skin (Pl. 7, fig. 7). There is no network of
any kiud formed by the tnbules of separate nephidia, nor is
there a connection between nephridia of snccessive segments
by means of tubules perforating the septa, as snggested by
Beddard (2, 1883). The -nnmber of nephridiopores on a
segment will equal the nnmber of nephridia in that segment.
Beddard (2, 1838, states that the nnmber of nephridiopores is
greater autertorly than posteriorly; it is very probable that
he counted the nephridiopores on one of the three segments
(fonrteenth, fifteenth and sixteenth) which we have referred
to above as possessing a “forest ” of nephridia, and compared
this mumber with the nnmber of nephridiopores on any of the
sncceeding segments, and this led him to make the above-
mentioned statement.

These nephridia arve, as already mentioned, very minute ;
each is less than half the size of a septal nephridinm; a
nephridium of an average size when weasnred has the
straight lobe about 100 x in length aud the loug twisted
toop abont 182 in length. 1 have not been able to find
any funnels in connection with these integnmentary nephridia,
but otherwise they arve like the septal nephridia in their general

structure.
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(f) The Significance of the “Enteronephric’ Type
of Nephridial System.!

Benham (4, 1910), describing the excretory functions of the
nephridia in Polychewetes, writes: ¢ lxcretion, in the strict
sense of the word, is carried out by the cells forming the
wall of the nephridial tube; they remove waste materials
from the blood distributed over the surface of the organ.
But, in addition, there is a removal from the ccelom, by
means of the funnel, of any dead or dying ccelomic cor-
puscles, which in their tarn have eaten up or otherwise
destroyed foreign bodies (such as Bacteria, etc.) that may
have entered the animal.”” In Pheretima also, the septal
nephridia have a coptous blood-supply and possess ceelomic
funnels with nephrostomes ; we may therefore safely assume
that here also as in Polychetes the nephridia discharge the
function of excreting waste materials both from the blood
and the ceelomic fluid. In the case of other worms the
nephridia open to the exterior and all the cxcretory products
are got rid of throngh the nephndiopores on the skin. But
what can be the meaning of the elaborate ©enteronephric”’
type of mnephridial system in Pheretima, in which the
excretory ducts ultimately open iuto the lumen of the
alimentary canal along almost its entire length and pre-
sumably discharge all the excretory products into the gut?

The previously recorded cases of mnephridia opening into
the front and hind ends of the gut have been explained, on
the one hand, as being peptic in function (peptonephridia),

! [Mr. Karm Narayan Bahl has not entered upon any discussion con-
cerning the significance of his remarkable discovery of **enteronephric ™
nephridha in relation to the commonly-accepted view that all Annelid
nephridia are ectodermal. But it seems to he evident that the septal
nephridia of Pheretima certainly cannot be developed from the ecto-
derm but must be mesodermal in origin, since we can hardly sup-
pose that they are endodermal outgrowths. Mr. Karm Narayan,
however, has vecently informed me that he has been successful in
collecting a large number of Pheretima embryos and hopes to he able
to ascertain the exact mode of development of the septal and other
nephridia. —W. N. F. WoobLanp.]
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and compared, on the other, with the respiratory trees of
Bonellia and its allies and with the Malpighian tubes of the
Arthropoda (Beddard, 3, 1895). Evidently we cannot explain
away the segmentally arranged openings of this “entero-
nephric” system into the lumen of the gut in either of these
two ways. These segmental openings must have a deeper
significance. It has been snggested to me by Dr. Woodland
that this enteronephric system is probably an adaptation for
conservation of water in a tropical worm like Pheretima.
T'his genus is Oriental as well as Australian in distribution,
but is rave in the Australian region.  There 1s no doubt that
these worms have to adapt themselves to a very wide varia-
tion in the conditions of moisture : the region they inhabit is
subject to a prolonged period of dronght alternating with a
short period of abundant moisture during the monsoon rains.
Normally there are three to four rainy months aiternating
with eight or nine dry months n a year.

On & priori grounds, we must conclude that the excretory
matters removed from the blood and the ceelomic fluid pass
in a state of solution into the lumen of the gut via the system
of ducts connected with the septal nepliridia. In the intestine,
we must assume that the water containing excretory matter
in solution is re-absorbed by the gut epithelinm for the needs
of the organism, while the solid exeretory matters pass out of
the body throngh the anus. We are thus crediting the gnt
epithelium with the power of separating water from the
excretory matters dissolved in it and then re-absorbing this
water. Although there is, as yet, no experimental evidence
in favour of this hypothesis, still we might mention one or
two points in regard to this hypothesis very briefly. [t is
stated by Thomson (17, 1906) that when an earthworm has
heen made to eat powdered carmine, the passage of these
useless particles from the gut to the yellow cells, from the
yellow cells to the body-cavity and thence out by the
exerctory tubes can be traced. If that be so, we must
conclnde that the gut epithelinm of the carthworm takes np
these carmine particles and passes themon to the yellow cells
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—or in other words, the gut epithelium acts as an organ of
excretion i removing the useless carmine particles from the
intestine ; this, again, isa commonly admitted property of the
mtestinal epithelinum. But we have to go further and ask
how it is that, while the intestinal epithelinm absorbs the
carmine particles, it does not also absorb the excretory matter
which is poured into the intestinal lumen via the excretory
ducts ¥  Why is it that from these it takes up only water and
lets go the sohd waste matter ? In order to get over this
difficulty we must assume that, like the intestinal epithelial
cells of man, these cells of the earthwormn also exercise a sort
of protective function dependent on that capacity for physio-
logical selection by which the epithelia of the intestine,
while they absorb certain substances, do not permit others to
pass mto them.

Another consideration is about the relative importance of
the septal and the integumentary nephridia. The latter are
small in size but enormous in numbers, and open directly to
the exterior through the skin. But as these nephridia do
not possess any funnels and are closed internally, we should
conclude that water cannot pass out in any guantity through
them,although it inay diffuse though the walls of the nephridia.
There is very little loss, therefore, through these integu-
mentary nephridia, and we may presume that all water is
re-absorbed and conserved by the worm.

4. THE NEPHRIDIAL SYSTEM OF SOME OTHER SPECIES OF
PHERETIMA.

Besides Pheretima posthuma, the nephridial system of
which I have described in detail above, I have examined the
nephridial systems of three other speciex of the genus
Plieretima, namely, P. hawavana, I’ heterochasta and
P. barbadensis. In general outline the nephridial system
i these three species of Pheretima is similar to that in
Pheretima posthuma, but there are certain differences
which T shall mention helow.

(1) Pheretima hawayana.—This species also possesses
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the three kinds of nephridia, namely, the septal, the pharyn-
geal and the integumentary. ‘These nephridia are very
similar in position and structure to those of P. posthuma,.
We may ouly note that the septal nephridia here are larger
than those of P. posthuma; the funnel 1s identical in
structure with that of the latter species, but the first part of
the nephridial tube, which makes a bend before joining the
main body of the nephridinm, is much longer in this species
than in P. posthuma; in the latter it measures, on an
average, about 84 ¢ in length, while in . hawayana it 1s
generally more than 180 p long.

The septal excretory canal running parallel to the dorso-
lateral vessel does not lie near or m contact with the vessel
as in P. posthuma, but is removed a good distance from it:
T measured the distance to be about 165 4 1n one and about
412y in another specimen.  As a consequence of these two
structures lying far apart from ecach other, the terminal
nephridial ducts have a very much longer conrse to run on
the septum to meet the septal canal than they have in
P. posthuma. Morcover, as the dorso-lateral vessel is not
attached to the septum as i . posthuma, the nephridial
ducts do not cross this bloed-vessel at all.  We may also note
in passing that the septa of . hawayana are much more
musenlar than the septa of P. posthuma, and therefore in
the former the septal canal and the terminal nephridial
duets on the septmn are obscured by the muscle-fibres, and 1t
1% only by a careful examination that these structures can be
made ont.

The integumentary and the pharyngeal nephridia arve
identical in structnre with those in I’. posthuma.

(2) Pheretima heterochata and Pherctima barba-
densis.—"The nephridial system in these two species re-
sembles very closely that of P. hawayana rather than that
of P.posthnma; the septal excretory canal is separated a
good distance [rom the dorso-lateral vessel and the free dnct
following the founel is mneh longer than that in P.
posthuma.
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5. I'He BLoOD-SUPPLY OF THE NEPHRIDIA IN PHERETIMA.

Benham (6, 1891) has described in detail the vaseular
supply of the nephridium of Lumbricus, and in general out-
line this description applies to the vascular supply of the
nephridia of Pheretima, but there are a nnmber of -
teresting points in which the blood-supply of the nephridia in
the two cases differs, these differences being due, firstly, to
the much larger number of nephridia present in Pheretima,
and secondly, to the fact that the nephridia of Pheretima
are of three different kinds situated in three different regions
of the body.

As in Lumbricus, the ventral vessel in Phevetima gives
off, in the posterior part of each segment, a vessel on each
side, which we may eall the parietal vessel (p.r.,, Pl 6,
fig. 11). This vessel, soon after its origin, perforates the
septum behind and runs along the middle line of the inside
of the body-wall of the succeeding segment ventro-dorsally
(e.g. the ventral vessel in the twentieth segment gives off a
pair of parietal vessels which perforate the septum 20/21
on each side and distribnte blood over the iuside of the
hody-wall of the twenty-first segment). The parietal vessel
as it perforates the septum gives off a septal brauch (s.0.),
which runs along the septum very near its attachment
to the body-wall parallel aud external to the dorso-lateral
vessel. This last vessel; as shown in the diagram, is a com-
missural vessel in each segment, joining the subneural with
the dorsal vessel (dl.v., P’l. 6, figs. I and 11). I may add, in
passing, that there is no direct connection between the
ventral and subneural vessels as has been supposed by some
authors to he the case.

Although it is a difficult matter to decide what eourse is
taken by the blood outside the large median trunks, yet from «
comparison with the course of blood in Lnmbricus and also
from a number of observations on the distribution of valves
m the blood-vessels, I am led to believe that the blood
passes to the nephridia from the ventral vessel, and that it is
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brought back to the dorsal vessel from the nephridia by way
of the dorso-lateral vessel and the submneural vessel. The
parietal vessel, as mentioned above, runs along the middle
line of the inside of the body-wall ventro-dorsally, and during
its course gives off a number of branches which ramify over
the avea of the body-wall of the whole segment, the vessel
terminating near the mid-dorsal line. Now the whole of the
iside of the hody-wall is covered over by a large number of
mtegumentary nephridia, and thus these are supplied with
blood from the branches of the parietal vessel which also
supplies blood to the body-wall. We have already said that
the parietal vessel gives off a'septal branch (s.b., Pl 6,
fig. 11) as it perforates the septmm. This septal branch is
rather diflicult to make out in preparations of the septa, since
it lies very near the outer edge of the septum, in which
position it is very generally torn off in the removal of the
septum ; itts origin from the parietal vessel and its extent
along the septum can both be seen, however, in preparations
i which the outer edge of the septum is intact and the
parietal vessel perforating the septum is also inclnded. The
septal branch rons parallel to the dorso-lateral vessel and is
about one-third the diameter of the latter. All the septal
nephridia receive their blood-supply from the septal branch,
which throughont its entire course gives off a large number
of twigs (¢), each twig snpplying a septal nephridium. The
blood from cach septal nephridinm is retnrned by another
minute vessel (£t") which runs parallel to the first tn the base
of the nephridium, and which joins, along with others of its
kind, the dorso-lateral vessel. Iach septal nephridium
(Pl 0, fig. 12), therefore, has two vessels in its basal part;
the first one arises from the septal branch and enters and
brings Dblood to the nephridium (we might call this the
afferent nephridial vessel, tf); the second brings back
blood from the nephridium and leaves the nephridium to join
the dorso-lateral vessel into which the blood is now poured
(we might call this vessel the efferent nephridial vessel,
). In each septal nephridium both the afferent and efferent
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vessels fork near the base of the nephridium, one branch of
each fork entering the straight lobe and the other branch
entering the twisted loop (Pl 6, fig. 12). These branches
are continuous at their distal ends (dd), and there are also
cross connections between them during their course (cc).
We may note that the afferent vessel and the two branches
of its fork are generally empty or contain very little blood,
while the efferent vessel and the branches of its fork are full
of blood ; similarly the septal branch contains very lttle
blood, while its counterpart, the dorso-lateral vessel, is
generally full; this phenomenon corresponds with the con-
dition of arteries and veins found after death in the higher
animals, and lends additional support to the assnmption made
that the septal branch and the afferent vessels carry blood to
the nephridium, while the efferent vessel removes the blood
from it and pours it into the dorso-lateral vessel. The
dorso-lateral vessel also receives a large number of branches
from the Lody-wall, which presumably bring back blood from
the body-wall proper and also from the integumentary
nephridia. Another way by which blood from the in-
tegumentary nephridia may be returned to the general
blood-stream is by means of capillaries and twigs that join
together to enter the subneural vessel in each segment. The
septal branch also receives small branches from the skin
which possibly replenish its supply of blood for the septal
uephridia. To snm np, the parietal vessels supply blood to
the integumentary nephridia and body-wall directly, and to
the septal nephridia through their septal branches, while the
blood is returned from the integnmentary and septal
nephridia to the dorso-lateral vessel and possibly to the
subneural vessel also (to this only from the integumentary
nephridia).

In the case of the pharyngeal nephridia the blood-supply is
different.  In the fourth, fifth and sixth segments the dorsal
vessel gives off in each segment a pair of branches, the
branch of each side supplying the pharyngeal nephridia and
the septa. In a freshly-killed worm in which the dorsal
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vessél is still pulsating, one can easily see the flow of blood
from the dorsal vessel to the pharyngeal nephridia throngh
the branches referred to above. I'he blood 1s collected from
these pharyngeal tufts of nephridia by capillavies, which
unite together and open ultimately iuto the lateral ceso-
phageal vessels which are sitnated ventro-laterally to the
cesophagus, one on each side, and from which the blood goes
into the blood-stream via the supra-intestinal vessel and the
subneural. When a worm is opened some time after its
death, it is always seen that the branches from the dorsal
vessel are empty, while the branches carrying blood to the
lateral cesophageal vessels and the latter themselves are full
of blood. '

6. THE INTERSEGMENTAZ SEPTA IN ISARTHWORMS.

The intersegmental septa of earthworms have always been
regarded as partitions, partly membranous and partly mus-
cular, which stretch across from wall to wall of the body and
correspond voughly in their position to the grooves which
divide the body externally into somites. The septa are per-
forated by the gnt, the dorsal and the ventral vessels and
also by the nerve-cord; the partitioning of the ccelom 1is
incomplete around these structures in most earthworms, and
there is free communication from one end of the body to the
other for the caelomic fluid.  Except for holes and slits round
the nerve-cord and other structures mentioued above, there is
no record of auy definite apertures, so far as I know, on the
septa of earthworms. As a matter of fact, very little interest
seemns to have attached to the struetnre and disposition of
septa as they had nothing peculiar about them, and they are
dismissed in descriptions usnally in a line or two. An in-
teresting feature abont these intersegmental septa presents
itself, however, in Pheretima posthuma and other species
of the same genus, which has been described here, I believe,
for the first time: it is the presence of a large number of
definite apertures each with a sphincter round it. Iu the
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following paragraphs I shall provide a description of the
septa in Pheretima posthuma, together with an account
of these sphinctered apertures, and then compare these
features with those of other species and genera that I have
examined, and lastly, T shall discuss the possible significance
of these sphinctered apertures in the septa of Pheretima.

(}) The Intersegmental Septa in Pheretima post-
huma.—Beginning from the anterior end we find that the
first definite septnm lies between the fonrth and fifth seg-
ments, the body-cavity of the first fonr segments heing
undivided or continuous, althongh it 1s traversed by a number
of muscular strands passing from the buceal cavity and the
pharynx to the body-wall, This first septum is thin and
membranous, bat the following five septa are very thick and
musenlar and resemble the intersegmental septa of Lum-
bricus. 'These separate the segments 5 and 6, 6 and 7,
7and 8, Sand 9 or 9 and 10, and 10 and 11 from each other;
between the eighth and tenth segments there is always one
septum ; sometimes there is one between the eighth and ninth
segments and septum 910 1s missing, and viee versi; hoth
these septa are never present in the same worm. It happens
that the lines of attachment of these septa on the alimentary
canal are considerably behind (posterior to) their hnes of
attachment on the body-wall, and therefore these septa are
not transverse in position, but form five cones, one inside the
other, with their apices directed posteriorly (Text-fig. 1).
These septa are mcomplete over the ventral nerve-cord which
perforates them, but besides these perforations and those of the
gut and blood-vessels, these septa are (uite complete partitions
with no apertures on them. They are very thick and are formed
of muscle-fibres disposed obliquely in two sheets, and have
museular strands passing from their anterior and posterior
sarfaces to the body-wall or to other septa in order to support
them and keep them in position.

Jchind the first cleven segments in which we have the
specially thick septa mentioned above there is a regular
series of thin and membranons septa separating successive
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segments from each other interiorly. The septa 11/12, 12/13
and 13/14 are complete like the first six, although thin and
membranous, the last two being intimately attached to the
’in the twelfth and thirteenth segments.
The next septum, i.e. 14/15, however, is typical of all the
septa that follow, and hesides bheing thin and membranous in
textnre and meomplete over the nerve-ecord hke the preceding
septa, it is specially characterised by the fact that it is
riddled with holes over the greater part of its area. These
Loles or apertures are either oval or circnlar in outline and
are scattered over the lateral parts of each septum, heing
absent from the dorsal and ventral regions and also from the
inner and onter edges. Each of these apertures possesses a
thick sphincter around it formed of non-striped muscle-fibres
arranged in a coneentric manner (PL 8, fig. 13).

These sphinetered apertures of the septa vary considerably
in size; in my preparations I have found them to measnre
from 8 p to 1650 p in diameter. Very likely the apertures
with a small diameter are in a closed eondition, while those
with a larger diameter are open. The thickness of the

walls of the ¢ hearts’

sphineters varies from 9 p to 28 u; it1s,as wonld be expected,
greater in closed apertures than in open ones. As regards
the number of these apertures on the septa, 1 connted as
many as sixty-cight on the left half of the septum 15/16,
including one of the largest diameter 1 have come aeross
(1650 4). The number of apertures on the septa diminishes
towards the posterior end of the worm.

The mcompleteness of the septa round the nerve-cord is
formed by a large civenlar hole in each septum whieh
surronnds the nerve-cord, and the wall of whieh is made up of
a thick, strong sphineter, the ventral part of which is attached
to the body-wall. It may be noted that besides this large
Lole ronud the nerve-cord there is no sht or hole round the
other structures that picrce the septa, e.g. the gnt and the
blood-vessels, in Pheretima, the septa ronnd these latter
strnctures heing quite complete in this genns.

(2) Septa in Other Barthworms.—The septa in the
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other species of Pheretima that I have examined,i.e. P.
hawayana, P. heterochata and P. barbadensis, have
much more of musenlar tissue in them than the septa of
Pheretima posthuma. Moreover,althongh the sphinctered
apertures are present on the septa of these species, the
number of these apertures 1s very small indeed as compared
with those in P. posthuma. I have never seen morc than
one or two on each septum, though they were always of a
large size. I examined specimens of several other genera of
earthworms in order to see if the septa in them had
sphinctered apertures, but could not find any. They are
absent in the septa of Megascolex, Perionyx, Lum-
bricus and Entypheuns—the gencra [ have examined for
this purpose. It is thus evident that, so far as is known at
present, the sphinctered apertures characterise the septa of
Pheretima only.

(3) The Significance of the Sphinctered Aper-
tures.—'The sphinctered apertures, together with the incom-
pleteness of septa around the nerve-cord, are apparently the
nmeans by which the ceelomic fluid is allowed to pass from one
segmental chamber into another. Tt is quite easy to see the
flow of the colomic fluid inside the body-cavity in a living
worm which happens to be a little more transparent than
others. The sphincter muscles round these apertures are a
priori the mecans of closing these apertnres and thus
restricting the flow of the ceelomic fluid to particular seg-
mental chambers, and this isolation of these particular seg-
ments would be complete so far as the flow of the calomic
flnid is concerned when the sphincter round the nerve-cord
also contracts and closes that passage. 'This restriction of the
celomic fluid to particular segments wounld lead to a con-
dition of turgidity in those segments and make the worm
stiff. It has been snggested that this stiffuess would be
necessary for the worm in its ordinary locomotory movements
either on the surface of the soil or in hurrowing, since, for the
leverage of a particnlar part of the body to the gronud hy
means of setw (the organs of locomotion) it would be necessary
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to have that part turgid and stiff, as the sete on a limp part
would not be able to secure a firm hold on the ground. The
sitnation of the setae in the middle of each segment in the
form of a ring is most appropriate for balancing, and I agree
with Beddard (5, 1912) in thinking that “the ring of setw
would seem to be a character specially suited to an under-
ground life, where there is an equal pressure all round the
body, and where progression would seem, therefore, to be
best attained by a continual leverage round the circular
body.”

But why the sphinctered apertures shonld be present only
in Plieretima and not in Megascolex and Perionyx,
which are also forms with pericheetine setae, I cannot say.

7. SUMMARY.

(1) There are three distinct kinds of nephridia in Phere-
tima posthuma and other species of the genus, namely,
the septal, the pharyngeal and the integumentary, named
according to the position they occupy in the worm; they
differ from each other in size and also in respect of the place
of opening of their ducts.

(2) Bach nephridinm is a separate and discrete structure
and there is no network of any kind, and therefore the terms
“plectonephric ” and “diffuse” are inapplicable to these
nephridia, although the term “ micronephridia” can be
retained.

(3) The integumentary nephridia are very minute and are
hardly visible to the nuked eye. HKach of them has its own
separate duct opening separately to the exterior on the skin.
Ilach segment has about 200 to 250 of them. The pharyngeal
nephridia ocenr in paired tufts lying at the sides of the
esophagns in the fourth, fifth and sixth segments; these
nephridial tufts have three pairs of ducts, one in each seg-
ment, which open into the buccal cavity and the pharynx in
the second and fourth segments.

(4) The septal nephridia are attached to both sides of the
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septa ; they do not open on the skin, but are connected with
an elaborate system of ducts which unltimately open into the
lumen of the intestine mid-dorsally at segmental intervals,
The system of ducts and openings is perfectly segmental in
arrangement, and consists of a pair of septal excretory canals
on each septum which open into a pair of snpra-intestinal
excretory ducts lying in the mid-dorsal line of the worm
above the dorsal wall of the gut, these ducts communicating
with the lumen of the intestine at each intersegmental place
by means of a narrow ductule. This last feature is character-
istic of this type of nephridial system, and the latter has
therefore been termed the “ enteronephric ” type of nephridial
system.

Each septal nephridinm has a remarkable feature in that
it lies—the funnel and all—wholly within the hounds of a
single segment.  The septal canals, the supra-intestinal ducts
and their openings into the lumen of the gut have been
described here for the first time, and the segmental character
of the nephridial system of Pheretima, which was denied
by Beddard, has now been established.

(5) The enteronephric nephridial system is probably a
device for the conservation of water in this tropical genus,
the gut-epithelium reabsorbing the water of the excretory
fluid while letting the solid excretory matters pass out through
the anus along with the feces.

(6) Bach nephridium in Pheretima, like that in Lum-
bricus, is connected with two blood-vessels, one bringing
blood to it and the other taking away the blood. The septal
and the integumentary nephridia are supplied with blood
from the ventral vessel through the parietal vessel and the
septal brancl, and the blood is returned from these nephridia
to the gencral blood-stream via the dorso-lateral vessel and
the subneural vessel. The pharyngeal nephridia receive their
blood-supply from the dorsal vessel, and the blood is returned
from them to the lateral cesophageal vessels.

(7) The intersegmental septa in Pheretima posthuma
and other species have definite, circnlar or oval apertures,
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each with a sphincter muscle around it. It is suggested that
by closing these apertures by means of sphincters there is a
restriction of the ccelomic fluid to certain segments which
become consequently turgid and stiff, and are thus able to
help the setze in having a firm hold of the gronnd during
the locomotory movements of the animal; this turgidity of
the part of the body applying setee on to the gronnd seems
necessaty, since a limp part cannot fix its setee on the snb-
stratum on which the worm moves.

8. TECHNIQUE AND MATERIAL.

Worms both for dissection and section-cutting were
narcotised in weak alcohol (10 per cent. to 15 per cent.) for
fifteen minutes or thereabouts. This method is mmch more
usefnl] than narcotising with chloroform, since the worms
with this method do not contract at all, but die in a gnite
flaceid condition, and can easily be stretched to the untmost.
The method of fixation most successfully employed for
nephridia of all the three kinds as well as the intersegmental
septa was immersion in acetic bichromate (3 per cent.
potassium bichromate added to 5 per cent. glacial acetic acid)
for forty-eight hours or more. Before fixing, however, the
nephridia were fully exposed by opening the worms and
pinning down the flaps of skin; a forther precauntion was
found necessary in the fixation of these nephridia, and that
was to wash off all ccelomic flnid before putting the worms
in the fixative, as otherwise the ccelomic finid coagunlates near
the nephridia and renders the fixation of the latter imperfect.
In order to get the septa fully stretched theyshould be exposed
hy making a mid-dorsal incision in the worm,and pinning the
flaps of the skin at intervals of five or six segments i such a
way as to keep the intermediate four or five septa on stretch,
but not to tear them at all.  In this stretehed condition the
septa should be kept in the fixative for a week or two, after
which time they become quite hardened and crisp, and can
he removed very casily from their attachment with the body-
wall and the wall of the gnt.  Metallic dishes should not be
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used for preserving these various structures in bichromate;
glass dishes or enamelled pie-dishes with the bottom filled up
with hard paraftin answer the purpose very well.

For sectioning worms were fed on moist blotting-paper for
a fortnight or thereabouts, after which time the gut is quite
free of earth, and can be sectioved without injuring the
razor., The sections were stained in the usnal way with
Delafield’s hazmatoxylin, differentiated with acidulated water
as recommended by Thapar (16, 1913), anud “ blued ” with
ammonia vapour after dehydvation and clearing. For stailxing
individual nephridia,I found a very weak solution of Delafield’s
hwematoxylin followed by acidnlated water very useful—even
better than borax-carmine and acid alcohol; these hmma-
toxylin preparations were very helpful in the investigation of
the steucture of the funuel, and specially the exact course
of the nephridial tube in the body of the nephridium.

For a demonstration of the long terminal nephridial ducts
and their openings into the sepral excretory canals as well as
of the commencement and extent of the latter, preparations
stained with either borax-carmine or heematoxylin were made
of the entire septa, and also a series of longitudinal sections
was taken through six segments of the body-wall to which
septa were still attached. In these sectious I could follow the
nephridial ducts from the place where they leave the nephridia
to the point where they enter the septal excretory canal. 1
also incidentally came across many longitudinal sections of
funnels in these preparations which were very helpful in
ascertaining their structnre.

The conuections of the septal canals with the supra-
intestinal excretory ducts were seen in preparations of the
apper parts of the septa together with the supra-intestinal
ducts, the last having been dissected out under a Zeiss
binocular microscope.  Similarly the ducts of the pharyngeal
and the septal and integumentary nephridia themselves were
also dissected under the binocular microscope, which was
very helpful all along.

The segmental openings of the supra-intestinal excretory
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ducts into the Inmen of the intestine were identified in serial
sections 6 y in thickness passing throngh seven segments of
the intestine.

Besides Pheretima posthuma, the species common in
Allahabad, T have also examined three other species of Phere-
tima, namely, P. heterochata (Mchlsn.), P. hawayana
(Rosa) and P. barbadensis, specimens of which were
kindly sent to me by Col. Stephenson from Lahore.
Specimens of Lumbricus, Perionyx, Euntyphcus and
Megascolex were also examined for their septa.
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EXPLANATION OF PLATES 6, 7 axp 8.

Ilustrating Mr. K. N. Bahl’s paper “On a New Type of
Nephridia found in Indian Earthworms of the Genus

Pheretima.”

Fig. 1 (Pl. 6).—A diagrammatic representation of the septal nephridial
system and its relative position in Pheretima posthuma. Three
segments are shown. and part of the skin on the left side of the posterior
(third) segment has been cut and reflected forwards so as to lie on the
second segment. ih order to expose the various structures. b.w., body-
wall: bae., body-wall ent and reflected forwards: 7.s.. intersegmental
septum; s.a., sphinctered apertures; d.v.. dorsal vessel; si.e.d.. supra-
intestinal excretory dnets; g.. gut; ty., typhlosole ; v.v., ventral vessel ;
si.v.. subnenral vessel; dl.v. dorso-lateral vessel or the *“septal loop ™ ;
s.e.c.. septal excretory camal; fn.d.. terminal nephridial duets; s.n..
septal nephridia ; si.v.. septo-intestinal vessel. X cir. 17.

Fig. 2 (PL 7).—A septal nephridium showing the course of the nepl-
ridial tubule and its “ ciliated tvacts.” «-a’, the first ciliated tract : b-0',
the second. ¢—¢’. the third, d-Z’, the fourth ciliated tract: a. the place of
extrance and exit of the nephridial tube; b.c.t., the *“bLrown ciliated
tube 7 : 0., the outer loop and i.l. the inner loop in the straight lohe
p-L., the proximal limb. and 1. the distal limb of the twisted loop: f.,
fuonmel.  x 220,



